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Specification 

TITANIUM ALLOY MATERIAL HAVING SUPERIOR HYDROGEN 
ABSORPTION RESISTANCE 

Tferhniral Field 

This invention relates to a titanium alloy used in environments 
where there is a risk of fracture damage due to hydrogen absorption, and 
more specifically to a titanium aUoy material suitable for use in chemical 
plants using acid solutions, ammonia, hydrogen sulfide gas, hydrogen gas 
and carbon dioxide gas, seawater desalination plants, or heat exchangers 
such as water supply heaters and recirculation units, and pipes. 

TtflpVfl-rmind Art 

Pure titanium or titanium alloys (hereafter may be referred to 
simply as titanium alloys) have excellent corrosion resistance in various 
corrosive environments where chlorides are present such as in seawater, 
and are heavily required in chemical plants or seawater desalination 
plants. However, titanium has a great affinity for hydrogen, and 
depending on the environment it may therefore absorb a large amount of 
hydrogen. For example, if a titanium alloy is used for heat exchanger 
tubes in a seawater desalination plant, cathodic protection (cathode anti- 
corrosion) is given to prevent corrosion of steel materials in contact with 
the titanium alloy, but if this is done, the electrical potential of the 
members formed by the titanium alloy falls below the hydrogen 
generation potential, and the generated hydrogen is absorbed by the 
titanium alloy materials. 
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Titanium alloys easily absorb hydrogen in the aforesaid heat 
exchanger tubes, non-oxidizing acid solutions, hydrogen sulfide 
atmospheres such as those found in petroleum refineries, high- 
temperature steam environments such as the turbine blades of power 
generating stations and the high temperature gases of chemical plants. 

Also, when titanium alloy materials come in contact with steel 
parts, and hydrogen is generated due to corrosion of the steel parts, the 
titanium alloy materials absorb this hydrogen and become brittle. When 
titanium alloy absorbs hydrogen, brittle hydrides are formed inside the 
titanium alloy, and if the amount of these hydrides is large, the member 
formed by this titanium alloy shatters even if a small external force less 
than the design stress acts on the member (hydrogen embrittlement 
fracture). 

Due to the problem of embrittlement resulting from hydrogen 
absorption, the use of titanium alloy as a structural material is prohibited 
in environments where such hydrogen absorption may occur. 

An example of a technique to prevent embrittlement of titanium 
alloy is for example to suppress hydrogen absorption by exposing the 
titanium alloy to atmospheric oxidation, as disclosed in the Journal of the 
Japan Seawater Academy No. 44, Vol. 3, or An ti- Corrosion Technology Vol. 
28, p. 490 (1979). Specifically, when an oxide film is formed on the 
titanium alloy surface due to atmospheric oxidation, this oxide film blocks 
diffusion of hydrogen and thus suppresses infiltration of hydrogen into the 
alloy from the environment. 

Further, in Japanese Patent No. 2824174 or Japanese Patent 
Application Laid-Open (JP-A) No. 07-3364, the infiltration of hydrogen is 
suppressed by making the surface coverage of titanium carbide, titanium 
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nitride or titanium carbide/nitride equal to 1.0% or less. Specifically, 
titanium carbide, titanium nitride or titanium carbide/nitride is always 
formed during manufacturing processes such as rolling or annealing. 
The technique disclosed in Japanese Patent No. 2824174 describes the 
suppression of hydrogen absorption by reducing the amount of titanium 
carbide/nitride which would increase the hydrogen absorption rate of 
titanium alloy. 

If an oxide film which blocks hydrogen diffusion is formed on the 
surface of a titanium alloy member subjected to atmospheric oxidation as 
described above, absorption of hydrogen by the titanium can be 
suppressed to some extent. However, when structural materials are used, 
it is diffi cult to avoid contact and shocks with other materials during 
construction work, so the atmospheric oxide film formed on the surface of 
the titanium alloy material becomes scratched or peels off. If this type of 
scratching or peeling occurs, this part is easily infiltrated by hydrogen, so 
compared to a titanium alloy material having an ideal atmospheric 
oxidation film formed in the laboratory, the hydrogen absorption 
suppression effect in actual materials is less. 

The hydrogen absorption of titanium alloy can be suppressed to 
some extent also by reducing the surface coverage amount of titanium 
carbide/nitride. However, titanium alloy itself has a large affinity for 
hydrogen, so even if the surface amount of titanium carbide/nitride which 
accelerates hydrogen absorption is reduced, a satisfactory hydrogen 
absorption suppression effect cannot be obtained. Moreover, since 
titanium has a large affinity for carbon and nitrogen, even if the surface 
amount of titanium carbide/nitride formed in the manufacturing step is 
sufficiently removed, titanium carbide/nitride may be subsequently 
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formed which increases the hydrogen absorption amount. 

At the same time, when titanium alloy is used as a structural 
material for heat exchanger tubes or chemical equipment parts, cold 
working properties of identical level to that of JIS 2 pure titanium are 
required. 

It is therefore an object of this invention, which was conceived in 
view of the above problems, to provide a titanium alloy material which 
could be used without risk of embrittlement fracture in environments 
where hydrogen is easily absorbed, and which has the same cold working 
properties as those of pure titanium. 

Disclosure o f the Invention 

The Inventor, after extensive research on titanium hydrogen 
absorption properties, discovered that (1) hydrogen diffusion in a Ti-Al 
alloy is slower than that in pure Ti, therefore if a specific amount of Al is 
added to pure Ti, the hydrogen diffusion rate in the Ti-Al alloy can be 
suppressed so hydrogen absorption can be suppressed, and (2) if a 
hydrogen diffusion suppression layer is formed on the surface of the 
titanium alloy, the hydrogen absorption resistance of the Ti-Al alloy can be 
largely enhanced, and thereby arrived at the present invention. 

The titanium alloy material described herein is a titanium alloy 
material which can be used as a structural material in hydrogen 
absorption environments, and is formed by a Ti-Al alloy containing Al: 
0.50-3 .0% (hereafter, all chemical components are expressed in terms of 
mass%), the remainder being residual Ti and unavoidable impurities. 
The amounts of Fe, Mo, Ni, Nb and Mn contained as impurities in this Ti- 
Al alloy are preferably suppressed to Fe: 0.15% or less, Mo: less than 
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0.10%, Ni: less than 0.20%, Nb: less than 1.0% and Mn: less than 1.0%. 

The titanium alloy material according to the present invention 
comprises a bulk part formed by a Ti-Al alloy having the aforesaid 
desirable chemical composition and an oxide film which covers the alloy, 
the preferred thickness of this oxide film being within the range of 1.0- 
lOOnm. In this case, 50% or more of the oxide film is preferably formed 
from a crystalline oxide. Also, even better hydrogen absorption 
resistance properties are obtained by forming an Al concentration layer 
having an Al concentration which is 0.3% higher or more than that of the 
bulk part, and lying within the range of 0.8-25%, between the bulk part 
and oxide film or on the bulk part, and this is therefore preferred. This 
Al concentration layer is preferably formed in a thickness of 0.10-30|j.m. 

The titanium alloy material of the present invention has excellent 
hydrogen absorption resistance in environments where hydrogen easily 
tends to be absorbed such as in the presence of acid solutions, ammonia, 
hydrogen sulfide gas or hydrogen gas, or when cathodic protection has 
been given, and in particular it has excellent hydrogen absorption 
resistance in applications where it is in contact with steel materials. 

Brief Descr iption of the Drawings 

FIG. 1 is a graph showing the effect of the Al content in a Ti-Al 
binary alloy on cold working properties. 

FIG. 2 is a cross-sectional schematic view of a titanium alloy 
material having an oxide film formed on the surface. 

FIG. 3 is a cross-sectional schematic view of a titanium alloy 
material having an Al concentration layer and an oxide film. 

1: bulk part 
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2: oxide film 

3: Al concentration layer 

Best Mode for Carrying Out the Invention 

The titanium alloy of the present invention contains Al: 0.50-3.0%, 
the remainder being formed of a Ti-Al alloy comprising Ti and unavoidable 
impurities. 

The reason why titanium alloy with addition of Al as a metal 
element has excellent hydrogen absorption resistance, is thought to be due 
to the fact that the hydrogen diffusion rate is much smaller than that in 
pure Ti. The hydrogen diffusion rate in Ti-Al alloy is smaller the larger 
the Al content is, and when the Al content is less than 0.50%, the 
hydrogen absorption rate is not sufficiently slowed and a sufficient 
hydrogen absorption suppression effect is not obtained. Consequently, 
the lower limit of the Al content was set at 0.50%, but it is preferably 1.0% 
or more. 

If on the other hand the Al content is too large, cracks tend to occur 
during cold working, and cold working properties remarkably decline. If 
cold rolling is performed under a reduction of 75%, if the Al content is 
within the range of 2.5-3.0%, cracks are very minute even if they do occur 
and consequently they can be easily removed. If the Al content exceeds 
3.0%, the cracks become very large, their removal is difficult and 
productivity remarkably declines. Therefore, the Al content should be 
maintained at 3.0% or less, but should preferably be suppressed to 2.5% or 
less. 

If the lower limit of the reduction during cold rolling can be 
maintained at 75%, the material can be formed into a thin sheet by an 
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identical process to that of JIS 2 pure titanium which is widely used at 
present in welded titanium tubes. 

FIG. 1 shows the effect of Al content in a Ti-Al binary alloy on cold 
rolling properties, and shows, in graphical form, the reduction (limiting 
reduction) immediately prior to the formation of cracks during cold rolling. 
In this experiment, the upper limit of the reduction was taken as 75%. 

As can be seen from FIG. 1, when the Al content is within a range 
of 2-2.3% or less, cracks do not occur even if cold rolling is performed 
under a reduction of 75%, and sufficient cold rolling properties can be 
ensured. However, when the Al content exceeds 2.5%, the limiting 
reduction clearly falls, and when it exceeds 5.0%, not only cracks, but 
other large fractures appear over the whole width of the sheet. When the 
Al content exceeds 2.5% but does not exceed 3.0%, productivity declines 
due to cracks, but these cracks are small and are limited to the vicinity of 
the sheet edge, so the material can still easily be worked into a thin sheet 
or welded titanium tube. 

In the Ti-Al alloy according to the present invention, the less 
elemental impurities such as Fe, Mo, Ni, Nb and Mn are present, the 
better, but according to the present invention, it is permitted that Fe is of 
the order of 0.20% or less, Mo is of the order of 0.15% or less, Ni is of the 
order of 0.25 or less, Nb is of the order of 1.1% or less and Mn is of the 
order of 1.1% or less. However, they are preferably suppressed to Fe: 
0.15% or less, Mo: less than 0.10%, Ni: less than 0.20%, Nb: less than 1.0% 
and Mn: less than 1.0%. 

Fe not only increases the hydrogen absorption amount of the 
titanium alloy, but also decreases its corrosion resistance. Moreover, if 
the Fe content exceeds 0.15%, the hydrogen overvoltage of the titanium 
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alloy remarkably decreases which facilitates hydrogen generation, so 
hydrogen absorption resistance declines. As a result, the Fe content is 
preferably 0.15% or less, but more preferably 0.10% or less. 

Mo, Ni, Nb, Mn are also elements which adversely affect hydrogen 
absorption resistance, and it is therefore preferred that Mo is suppressed 
to less than 0.10%, Ni is suppressed to less than 0.20%, Nb is suppressed 
to less than 1.0% and Mn is suppressed to less than 1.0%. 

In another preferred form of the titanium alloy material according 
to the present invention, an oxide film 2 having a thickness of the order of 
1.0-100nm may be formed on the surface of a bulk part 1 comprising a Ti- 
Al alloy, for example as shown in FIG. 2. In a titanium alloy material 
having the aforesaid chemical composition, if an oxide film having a 
thickness of 1.0-100nm is formed on the surface, a synergistic effect is 
obtained between the blocking of hydrogen diffusion by the oxide film and 
suppression of hydrogen diffusion by the parent alloy so that a highly 
enhanced hydrogen absorption resistance is obtained. 

If the thickness of the oxide film is less than l.Onm, blocking of 
hydrogen diffusion is poor, so it is difficult to obtain the aforesaid 
synergistic effect with regard to suppression of hydrogen absorption. On 
the other hand, if the thickness of the oxide film exceeds lOOnm and it is 
too thick, partial cracks and peeling of the oxide film may occur during 
working, so suppression of hydrogen absorption again decreases. Due to 
this reason, the thickness of the oxide film formed on the surface of the 
titanium alloy material is preferably 1.0-100nm. 

The oxide film may be formed for example by thermal oxidation of 
a Ti-Al alloy material in an atmospheric environment or in an 
environment wherein the oxygen partial pressure has been suitably 
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adjusted. By suitably adjusting the heating temperature and oxygen 
partial pressure in the environment, the film thickness can be controlled. 
The oxide film may also be formed by performing anodic oxidation in an 
electrolyte solution such as aqueous phosphoric acid solution. When 
anodic oxidation is performed, the film thickness of the anode oxide film 
may be controlled by adjusting the applied voltage or electrolyte 
temperature. However, the method of forming the oxide film is not 
limited to these methods. 

The titanium alloy material of the present invention is normally 
obtained by forging ingots as required, annealing, hot rolling, annealing 
the hot rolled sheet as required, de-scaling, cold rolling to a predetermined 
thickness and annealing the cold rolled sheet thus obtained, but annealing 
and thermal oxidation may be performed simultaneously in the step for 
annealing the cold rolled sheet. 

The thickness of the oxide film formed on the surface of the 
titanium alloy material according to the, present invention is determined 
by the following method. Specifically, oxygen is analyzed while 
sputtering is performed in the thickness direction from the surface by 
Auger electron spectroscopy (AES), the thickness when the maximum 
value of the oxygen concentration has fallen to half is measured at 5 
arbitrary points, and the average value thereof is taken as the thickness 
(average film thickness) of the oxide film. 

According to the Inventor's observations, if part or all of the 
aforesaid oxide film is crystalline, the hydrogen absorption resistance of 
the titanium alloy is remarkably enhanced. Specifically, whereas the 
surface oxide film which is formed naturally in the atmosphere has a low 
crystallinity and a large amorphous part, the oxide film formed by the 
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aforesaid methods is a crystalline oxide film of crystals such as Anatase, 
Rutile or Brookite on the surface of the Ti-Al alloy forming the bulk part. 
Due to the formation of this crystalline oxide film, the oxide film is even 
finer, the hydrogen diffusion blocking effect is enhanced, and hydrogen 
absorption is more effectively suppressed. This effect is exhibited 
regardless of the crystalline structure of the crystalline oxide in the oxide 
film, but Brookite which is orthorhombic is more preferred than Anatase 
or Rutile which are tetragonal. 

The enhancement of hydrogen absorption resistance is marked 
when 50% or more of the surface oxide film is crystalline. The proportion 
of cryst alli ne material is determined in the present invention by the 
following method. First, a specimen is cut perpendicular to the surface, a 
thin film sample is prepared by ion milling, and electron beam diffraction 
is performed at a magnification of 1 to 1.5 million times depending on the 
film thickness of the oxide film. Images are obtained at the diffraction 
peaks of the crystals, the crystalline part and amorphous part of the oxide 
film viewed from a cross-section are distinguished from each other, and 
the surface area factor of the crystalline part is found from the photograph. 
This electron beam diffraction is performed on an arbitrary 10 more thin 
film samples, and the average value of the surface area factor of the 
crystalline part is calculated. The crystal structure can also be identified 
by the same kind of electron beam diffraction. 

The crystalline properties of the oxide film may be controlled as 
desired for example by adjusting the temperature or oxygen partial 
pressure during the thermal oxidation process, or the applied voltage or 
electrolyte temperature during the anodic oxidation process. The method 
of crystallization of the oxide film is however not limited to these methods. 
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Another suitable form of the titanium alloy material according to 
the present invention comprises an Al concentration layer 3 having an Al 
concentration 0.3% or more higher than that of the bulk part and lying 
within a range of 0.8-25%, formed between the bulk part 1 comprising H- 
Al alloy and the oxide film 2, as shown in FIG. 3. However, the oxide film 
2 is not absolutely necessary, and even if the Al concentration layer 3 
alone is formed in one piece on the bulk part 1, a superior hydrogen 
absorption resistance effect is still obtained compared to a bulk material 
comprising only Ti-Al alloy. 

In the aforesaid invention, hydrogen diffusion is suppressed and 
hydrogen absorption resistance is enhanced by adding a suitable amount 
of Al to the titanium, however when Al is added, as described above, cold 
working properties decline. Therefore, if only the Al content of the 
surface layer is increased, the hydrogen absorption suppression effect can 
be enhanced without impairing cold working properties, and hydrogen 
absorption resistance can be very significantly enhanced due to the 
synergistic effect of the super thin oxide film. 

As described above, if the Al concentration of the bulk part of the 
Ti-Al alloy is 0.5% or more, a strong hydrogen diffusion blocking effect is 
observed and an excellent hydrogen absorption suppression effect is 
obtained, but if the Al concentration of the Al concentration layer is 
increased to 0.3% or more than that of the bulk part, the hydrogen 
absorption suppression effect can be still further enhanced. 

The lower limit of the Al content in the Al concentration layer is 
approximately 0 .8% from the minimum difference between the lower limit 
of the Al content of the bulk part and the Al amount of the bulk part. 
However, if the Al content of the Al concentration layer exceeds 25%, a 
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very brittle y phase based on Ti-Al is produced, and the surface layer (Al 
concentration layer and oxide film) easily cracks and peels during working. 
As hydrogen infiltrates from cracked or peeled parts of the surface layer, 
the hydrogen diffusion blocking effect is no longer observed. For this 
reason, it is desirable to suppress the Al content of the Al concentration 
layer to 25% or less. Further, it is preferably 16% or less which is the 
component range wherein a 8 phase is not produced, and more preferably 
6% or less which is the component range at which an a 2 phase (Ti 2 Al) is 
not produced. 

If the thickness of the Al concentration layer is O.lOpjn or more, 
the hydrogen absorption suppression effect is enhanced compared to the 
case where there is no Al concentration layer (only bulk part). However, 
if this thickness exceeds 30jim and the layer becomes too thick, the Al 
concentration layer easily peels during working, and the hydrogen 
absorption suppression effect deteriorates. Therefore, it is desired that 
the thickness of the Al concentration layer is within the range of 0.10- 
30|am. 

However, if an alloy wherein a low melting point metal such as Al 
is added to a high melting point metal such as Ti, is heated, the 
concentration may vary due to diffusion of the low melting point metal in 
the surface part. This phenomenon occurs due to the difference of vapor 
pressures between the high melting point metal and low melting point 
metal. If the surface oxide film is removed, the surface concentration of 
the low melting point metal falls, whereas if the surface oxide film is 
formed, the surface concentration increases. Therefore, concerning the 
Al concentration layer, the Al concentration and thickness of the Al 
concentration layer can be controlled as desired by adjusting the 
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temperature and oxygen partial pressure during thermal oxidation as 
described above. Also, when performing anodic oxidation, the Al 
concentration of the Al concentration layer can be controlled as desired in 
a similar way by adjusting the applied voltage and electrolyte 
temperature. However, the method of forming the Al concentration layer 
is not limited to the above methods. 

The Al concentration (average concentration) and thickness of the 
Al concentration layer can be measured by the Auger electron 
spectroscopy method, and performing an Al elemental analysis with 
sputtering in the depth direction from the surface. 

Examples 

Hereafter, this invention will be described in more detail referring 
to the examples, but it should be understood that the invention is not to be 
construed as being limited in any way thereby, and may be modified as 
required in the spirit of the appended claims which are included within 
the scope of the present invention. In the following, "%" refers to 
" mass%" unless otherwise specified. 

Example 1 (evaluation of hydrogen absorption resistance by 
galvanostatic electrolysis method) 

The titanium alloys shown in Table 1 were manufactured in a 
vacuum arc melting furnace using pure metals such as JIS class 1 
(equivalent to ASTM Gr. 1) as starting materials so as to manufacture 
ingots (approximately 500g). After thermal refining annealing, (1000°C x 
2 hours), they were formed into sheets of thickness 4.2mm by hot rolling 
(800-900°C). Next, after removing scale by pickling, they were cold-rolled 
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to a sheet thickness of 1.0mm, and the cold rolled properties of the 
samples were evaluated from the cracks produced during cold rolling. 

Subsequently, a 10mm x 10mm piece was cut from each sheet 
which had been vacuum annealed (800°C x 1 hour), galvanostatic cathodic 
charge was performed in O.lmol/L H 2 S0 4 aqueous solution (80°C, aerated) 
immediately after wet polishing (emery paper #1200), and the absorbed 
hydrogen amount was measured. The current density at this time was - 
ImA/cm 2 , charge time was 240 hours, and the absorbed hydrogen amount 
was measured by the melting method. The evaluation results for cold 
rolling properties and hydrogen absorption properties obtained in this 
experiment are shown in Table 1. 

Table 1 shows that the sample in the example of the present 
invention has excellent cold rolling properties and hydrogen absorption 
resistance compared to sample 

No. 1 comprising JIS class 1 pure Ti used as the starting material. 
In particular, for samples Nos. 9-11 (Examples) for which the Al content is 
1.0% or more, and impurity amount has been reduced to less than a 
predetermined value, the improvement of hydrogen resistance properties 
is remarkable. 

Example 2 (evaluation of hydrogen absorption resistance due to 
hydrochloric acid immersion) 

Hydrochloric acid was taken as a typical harsh corrosive 
environment wherein hydrogen absorption easily occurs, and an 
immersion corrosion test was performed. 

The titanium alloy test pieces shown in the following Table 2 were 
manufactured by an identical method to that of Example 1. For the test 
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pieces used in this example, anodic oxidation treatment was given in a 1 
vol% phosphoric acid aqueous solution after vacuum annealing. The 
applied voltage at this time was 1-50 V, the electrolyte temperature was 
suitably varied within a range of 20-50°C, and the thickness and 
crystallinity of the oxide film formed on the surface of the bulk material 
were examined. The thickness of the oxide film was measured by Auger 
electron spectroscopy as described above, and the proportion (crystallinity) 
and crystal structure of the crystalline part were found by electron 
diffraction. 

The hydrochloric acid immersion test was performed in 0.1 
moles/L-HCl aqueous solution (boiling), and the immersion time was 10 
days. The corrosion rate was found by the weight change before and after 
the immersion test, and the absorbed hydrogen amount was measured by 
the melting method. Finally, the cold working properties of each test 
piece were also evaluated by the aforesaid method. 

Table 2 shows the measurement results for cold working 
properties, film thickness of oxide film and hydrogen absorption amount. 
For all samples, the corrosion rate was O.Olmm/y or less. 

From Table 2, it is seen that the samples in the examples 
satisfying the specified conditions of the present invention have similar 
cold working properties and corrosion resistance to those of JIS class 1 
sample No. 21 (pure Ti) used as the starting material, and a superior 
hydrogen absorption resistance to that of pure titanium. In particular, 
for samples Nos. 31-38 for which the Al content is 1.0% or more, the film 
thickness of the oxide film is l.Onm or more and crystals account for 50% 
or more, an excellent hydrogen absorption resistance is observed. 

No. 39, although the oxide film is almost completely crystalline, its 
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thickness is greater than lOOnm and hydrogen absorption properties 
therefore decline . 

Example 3 (evaluation of hydrogen absorption resistance in 
contact with steel member) 

Test pieces were prepared by an identical method to that of 
Example 2. For the test pieces used in the present invention, 
atmospheric oxidation treatment was given after anodic oxidation 
treatment. The film thickness and crystallinity of the surface oxide film, 
and the Al content and thickness of the Al concentration layer, were 
adjusted by adjusting the oxidation temperature and treatment time. 

The thickness and crystallinity of the oxide film were found by 
Auger electron spectroscopy and electron diffraction in the same way as in 
Example 2. The Al concentration distribution in the thickness direction 
from the surface of the test piece was measured by Auger electron 
spectroscopy, and the average Al concentration and thickness of the Al 
concentration layer were calculated. 

A 30mmx30mm test piece was cut out from a sheet, a 5mm 
diameter hole was opened in the centre of the test piece, the test piece was 
stuck to carbon steel (JIS SPCC) of identical shape, and the product was 
immersed in a corrosive solution while tightened by titanium nuts and 
bolts. The corrosive solution used was 3% NaCl aqueous solution 
(boiling), and the immersion time was 2 months. The hydrogen 
absorption amount after the test was measured by the melting method, 
and the results are shown in Table 3. 

The cold rolling properties were also evaluated in an identical 
manner to that of Example 1 and 2, and for all samples, no cracks were 
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observed during cold working. 

As can be seen from Table 3, for Examples Nos. 46-59 on which the 
Al concentration layer was formed, and in particular for examples Nos. 
50-59 for which the layer thickness was O.lOfam or more, excellent 
hydrogen absorption resistance is obtained regardless of the film 
thickness and crystallinity of the oxide film formed on the surface. 

Industrial Applicability 

In the titanium alloy material of the present invention, the bulk 
material comprising Ti-Al alloy, the oxide film formed on the bulk part 
comprising this alloy, the Al concentration layer, or the Al concentration 
layer and oxide film, exhibit a high hydrogen diffusion resistance, and an 
excellent hydrogen absorption resistance is therefore observed. This Ti- 
Al alloy has equivalent cold working properties to those of pure Ti, so it 
can easily be worked into various shapes. Moreover, the corrosion 
resistance is equivalent to that of pure Ti, so the corrosion resistance is 
more satisfactory than that of carbon steel or stainless steel. Therefore, 
the titanium alloy material of the present invention is suitable as a 
structural material exposed to harsh corrosive environments where 
hydrogen absorption easily occurs. Specifically, it can usefully be 
employed as a basic material in chemical plants using acid solutions, 
ammonia, hydrogen sulfide gas, hydrogen gas and carbon dioxide gas, 
seawater desalination plants, or heat exchangers such as water supply 
heaters and recirculation units, and pipes. 
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